




































































































































































































































































Table 3. Lake temperature and water chemistry at 0.5 m depth during bioassays.
Lake Total ‘ Organic Carbon
Run Lake Temperature Akalinity pH Metals (pg/1) (mg/1)
(°c) (mg/1 CaC0,) Total Cu Tobal i TOC Doc
1 (Field Birch 16-22 2l 6.7 1.5 - 15 il
and Lab) | oeenuood 18-20 7 6.1 <2 - 25 2l
12 (Fiela Birch 22-23 22 6.7 1.l - 16 17
and Lab) | g cengood 17-22 6 6.3 1.8 - 26 26
‘ 3 (Field Birch 19-23 21 6.8 - <2 17 17
| and Lab) Greenwood 18-20 6 6.3 - <2 25 25
L (Field Birch 18 20 6.7 2.0 12 18 20
and Lab) | Groenuood 15-18 5 6.3 2.3 5 25 27
15 {(Field) Greenwocd 11 3 6.2 - - 3L 33
5 (Lab) Clearwater 8 11 6.5 0.9 <1 6 7
S. McDougal 5 9 6.9 1.6 <1 35 3L
Birch T 16 6.8 - - 22 -
_ Birch 3 16 6.8 - - 23 -




Table ha. Summary of nominal and measured metal concentrations (Pg/l)
in continuous culture bloassays. -

~ TREATMENT
Run Lake Copper Hickel Copper/Hickel
Nominal  lMeasured Nominal  lieasured Mominal Measured
50 N
" Birch 100 91 - -
1 200 200
50 L6
Greenwood 100 85 - -
200 170
20 18
Birch 50 L3 - -
5 100 103
20 20
Greenwood 50 L5 - -
100 9l
100 88
Birch - 1100 350 -
3 1000 900
0 100 93
Greenwood - 1s00 360 -
‘ w000 925
) | Birch 100 . 80 800 725 100/800  71/730
Greenwood 100 77 800 745 100/800  77/710
50 43 °
: Clearwater 100 85 . 10060 990
50 L3 _
South McDougal 100 90 1000 1000
6 Birch 100 98 600 610 100/600  98/630
Birch (low pH) 100 101 600 570 10G/600  91/610
7 Birch 100 100 1100 370 100/L00  99/100
100 101 LOO 1100 100/00  99/L00

Birch (low pH)




Table lb. Summary of nominal and measured metal concentrations (ug/1)
in field bioassays.

TREATMENT
Copper Nickel Copper/Nickel
fun Lake _— Measured § .. . Heasured . Meagsured
HNominal (Hean) ilominal (iean) Nominal (Mean)
50 Lk ,
Birch 100 - - -
1 ' 200 160
50 -
Greenwood 100 86 - -
200 165
20 20
Birch 50 37 - -
o 100 81
20 19
Greenviood 50 L0 - -
100 80
, 100 97
Birch - 1,00 360 -
3 1000 695
100 - 93
Greenwood - 1100 " 350 -
1000 900
Birch lgg go 800 783 100/800  83/810
W 5 . |
Greenwood 50 38 800 763 100/800  78/790
100 17
Birch 50 Ly
5 Birch (hi zo0) 50 50 - -
Bireh (Low zoo) 50 L8




Teble 5. Summary of bioassay results,
Treatment Effects
Lake {Cu (pg/1) i (pg/l)  pH Lab Fleld
50 toxic, peak day 13 toxic
Birch 100 - - toxic -
200 ' toxic toxic
50 toxic -
Creenwood 100 - - toxic toxic
200 toxde toxie
20 alightly toxdic? peak day 13 No conclusions
Birch 50 . - - stirmlatory, peak day 10 due to poor replication
100 toxde of treatments
.20 slightly toxic? no effect
Greenwood 50 - - stimulatory, peak day 1L no effect v
1C0 toxic toxic, then recovers.
100 stimlatory, peak day 1L no effect
Bireh - hoo - slightly toxic? stightly toxic?
1000 toxie » ' ‘ ] toxic
100 toxic, one culture peaks no effect
Greenwood - 100 - toxic no effect
1000 toxic slightly toxic
50 - toxic, then recovers
100 toxic toxic, then recovers
Birch 800 toxdc toxie
100 + 800 toxic toxic o
50 - - stimilatory
' 100 - toxie stimilatory
Greenwood 800 toxic toxic, then recovers
100 ¢ 800 @ toxde toxic, partially recovers
50 no effect
50 ~ zooplankton removed 5 stimlatory
Greenwood 50 = zooplankton added - stirmlatory, then declines
zooplankton removed stimlatory
zooplankton added no effect
50 toxic
Glear- 100 - | toxic -
1000 toxic @
50 toxic
South R
; 100 - toxdec, partially recovers -
HeDougal 1000 toxlo
1C0 ‘ toxic, partially recovers
6C0 toxic
100 + - €600 toxde
Birch 6.2 no effect until pH = 4.5 -
100 6.2 toxic
600 6.2 toxic
1060 + 600 6.2 toxie
100 sxightly toxdic, recovers
koo slightly toxic, recover
1C0 + L0, toxic :
Birch 5.0 stiml.atory -
100 5.0 slightly toxic
' Loa © 5.0 toxic
100 . + th ‘5.0 toxie




Table 6., Relative production/biomass ratios, field Run L,

Greenwood Lake.
not comparable.

Values from different dates are

Date Treatment Relative P/B
179
Control 506
Sept. 9 %0 | 5
g/1 Cu 152
(Day 22) >0 pe/ _
136
00 nz
Control 112
Sept. L '
] . 10l
(Day 17) 50 pg/l Cu 113
o ‘ 127
100 pg/1 Cu Lol




Table 7. Relative production/biomass ratios, field Run 5,
Creenwood Lake. Values from different dates are
‘not comparable,

Date Treatment Relative P/B

. 715

Control 639

Large zooplankton removed] 738

Octe 5 Large zooplankton added 722
Day 10 | | o

(Day 10) 50 pg/1 Cu 70l

50 ng/1 Cu, large

zoopgankton rerioved - L73

50 Fg/l Cu, large 765

zooplankton added 572

. 865

Control 800

Large zooplankton removed 386

Large zooplankton added { . 987

Sept. 30 .
(Day 5) 50 pg/1 Cu 855
| 50 pg/1 Cu, large 187

Z00p ton removed :

50 pg/1 Cu, large | 991y

zooplanicton added - 928




Table 8. Bacteria population counts, field Fun 5, Greenwood Lake.

Samples collected and plated Oct, 7, 1977; plates counted

Oct. 9, 1977.

Standard

Lake water, 0.5 m depth

Treatment Colonies/ml Devi. st om
Control 3 gig %‘_L?%
Large zooplankton rgmoved_ 1080 156
Large zooplankton added- zzg Jégg
56 ya/1 Cu 1535 1l
50 pg/l Cu, la;c‘ge zooplankton 3360 L81 |
removed 3605 103
50 Pg/l Cu, large ‘zoopla'nkton 720 L2
added . 1460 57
159

3




Table 9. Cell counts, continuous culture Run 2, day 1lh. Numbers
are units/ml. NS = no sample. P = present.

Treatment
Lake | Species Control 50 p.g/l Cu 100 ,ug/ 1 Cu
Fragilaria crotonensis 130 , 199 P
NS 1,019 NS
. | Synedra incisa 1 332 | 2,589 5
Birch - : i s 309 NS
Synedra rumpens 1,43 8,203 0
i NS , 10, 1436 RS
Greenwood | Synedra rump gns 1 1’628 h,b?}g g
W - . - :




Table 10a. Cell counts, field Run 2, day 16 (Birch Lake).
P = present.

Numbers are units/ml.

Treatment
Lake Species Control | 20 pg/1 Cu | 50 pa/icu | 100 pg/i cu
Achnanthes minutissima 26 15 Lilydy 5
‘ 67 170 398 5
Fragilaria crotonensis 1,694 L, 969 1,952 98
2,753 2,960 3,698 253
Nitzschia spp. 77 279 398 36
A | L6 1L5 27k 5
Tabellaria fenestrata 23 300 P 26
27h 72 ui 21
- Birch Crucigenia quadrata 36 10 0 P
(day 16) 88 0 , P F
- Total blue-green algae 98 30 5 5
(except Agmenellum) 290 10 0 25
Dinobryon bavaricum B 5 10 5 103
P 0 10 129
Dinobryon divergens 21 129 31 656
160 5 119 1,08
Dinobryon sociale & subsp. | 0 31 5 310
0 0 72 LLg
Hyalobryon spp. 0 0 P 310
‘ \ 0 0 21 516




Table 10b. Cell counts, field Run 2, day 1L (Greenwood Lake).
Numbers are units/ml.

Treatment
Lake Species Control 20 pg/1 Cu 50 pe/L Cu | 100 pg/l cu
Asterionella formosa 21 &2 ik 181
10 93 196 268
Fragilaria crotonensis 10 L6 57 1,43
12 93 227 836
Fragilaria vaucheriae 0 0 108 0
Greenwood 0 Ia 11l 1,126
- Nitzschia spp. 98 129 - 62 1,839
(day 1) 1 | 186 160 532 12l
Tabellaria fenestrata 36 12k 129 93
' 36 222 222 72
Spondylosium planum 52 145 1h5 287
6 83 196 h3h
Coelosphaerium naegelianum § 1,188 nn 0 1l
iR 780 0 150 0




Table 11. Cell counts, field Run 3, day 16 (Birch) and
day 18 (Greenwood). Mumbers are units/ml.

Treatment

Lake Species | contror | 100 pe/1 m | Loo pe/1 W | 2000 pe/l
Synedra spp. { lLeo 275 6 13
Micractinium pusillum 36 | 166 22 5
| | 2 4 253 | 0 12
Birch Anabacna circinalis , 0L §. 12 , 0 13
(day 16) _ 8o % 0 | ’ 2l 0
Anabaena planctonica a3 | 166 | o1 0
‘ D 150 | ' 31 69 19
‘iphanocapsa delicatissima 99§ 36§ 6 12
73§ 67 v 28 1
Total blue-green algae - 706} 358 98 135
(except Agmenellum) she 273 209 11l
Oscillatoria pseudo- 7 4 98 8 0
Greenwood geminata 62 ¥ o 10 0
(day 18)  Unidentified flagellates 62 | 10 |} 5 Y
| : 26 o 1 0 0




Table 12a. Cell counts, field Run L, day 21 (Birch Lake).
Numbers are units/ml. P = present.
Lake Species ' freatnent ‘ 100 pg/l Cu +

: Control 50 pg/1 Cu } 100 pg/l Cu 800 pg/l N 800 pg/1 Ni

 Asterionella formosa 337 65l 186 196 126

305 374 238 176 119

. Fragilaria crotonensis 130 218 170 In 70

3 25 155 55 71

Nitzschia spp. 202 913 77 23 6

62 726 150 3 1L

Rhizosolenia eriensis 0 21 176 28 13

10 16 289 1L 17

Synedra spp. 16 343 P 10 13

\ 15 137 15 17 12

Birch

, inabaena nlanctonica 15 0 0 52 0
(day 21) 1L 0 0 19 0
Aphenocapsa delicatissima 192 15 5 2 6

57 0 0 3 10

Aphanizomenon flos-aquae 1,157 5 0 11 1

' - 7hhy 0 0 158 0

Coelosphaerium naegelianmum 171 26 0 31 P

_ 67 16 P il o}

Oscillatoria geminata 36 0 0 13 0

' iy 0 0 10 0

Phormidium spp. 73 0 10 10 5

186 0 P 7 7

Hyalobryon spp. 0 0 1,751 0 0

' 5 10 1,178 0 0
Dinobryon divergens 0 99 72 10 9

5 li2 83 7 5




Table 12b., Cell counts, field Bun li, day 21 (Greenwood Lake).

Numbers are units/ml.

P = present.

rp

 Lake Species Freatrent 100 pg/1 Cu +
~ P Control | 50 pg/1 Cu | 100 pa/1 Cu | 800 pz/1 M | 800 1g/1 Wi
Asterionella formosa 0 1,131 296 86 325
100 832 309 127 168
Tabellaria fenestrata 205 300 5 65 28
168 1L5 39 65 99
s 4 | Aphanocapsa delicatissima : 29 p 0 13 0
reenwooc 38 10 16 26 0
(day 21) Chroomonas acuta L2 o) 10 2 0
' ‘ 7h 62 78 0 0
Cryptomonas erosa -2l 0 5 0 0
_ L2 62 28 5 0
Cryptomonas reflexa 28 0 8 0 0
L5 36 8 0 0




Table 13. Cell counts, field Run 5, day 11 (Greenwood Lake).

Numbers are units/ml.

NS = no sample. P = present.

Treatment

Lalke Species Control Large zooplankters Large zooplankters
removed removed + 50 Pg/’l Cu

Asterionella formosa 82 86 238

Greenwood N3 NS 27

; . Chroomonas acuta 0 67 5

_(day 11) : NS HS 58

Cryptomonas spp. o P 67

i T NS NS 3l






